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(57) ABSTRACT 

A wireless energy transmission system includes a wireless 
energy transmitting device and a wireless energy receiving 
device configured to receive power from the wireless energy 
transmitting device through a magnetic field. The wireless 
energy transmitting device includes a signal generator con 
figured to include a resonator including at least one inductor 
and at least one capacitor and to generate at least two signals 
having a 90-degree phase difference from each other. The 
wireless energy receiving device includes a frequency adjus 
tor configured to match a frequency between the wireless 
energy transmitting device and the wireless energy receiving 
device. 
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WIRELESS ENERGY 
RECEIVER/TRANSMITTERASYSTEMAND 
WRELESS ENERGY TRANSMISSION 

METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority under 35 U.S.C. S 119 to 
Korean Patent Application No. 10-2011-0120520 filed on 
Nov. 17, 2011, the subject matter of which is hereby incor 
porated by reference. 

BACKGROUND 

Embodiments of the inventive concept relate to wireless 
energy receivers (receiving devices), wireless energy trans 
mitters (transmitting devices), wireless energy transmission 
systems, and wireless energy transmission methods realizing 
efficient wireless energy transmission. 
A great deal of research into wireless energy transmission 

using electromagnetic induction has been conducted. Yet, 
electrical power may be conventionally transmitted using 
electromagnetic induction across relatively short distances 
(e.g., several centimeters). 

In order to overcome this limitation, a method of using 
magnetic resonance has been introduced. For wireless energy 
transmission using the magnetic resonance, LC resonance 
may be used and a common resonance frequency may be 
tuned between a transmitter/receiver pair. During this reso 
nance frequency tuning process, the capacitance value is typi 
cally adjusted. However, it is not easy to finely adjust the 
capacitance value, and therefore, it is difficult to accurately 
perform resonance frequency tuning. 

Accordingly, a better approach to resonance frequency 
tuning is desired that does not require direct adjustment the 
inductance value “L” or the capacitance value “C”. 

SUMMARY 

According to certain embodiments of the inventive con 
cept, there is provided a wireless energy transmission system 
including a wireless energy receiving device and a wireless 
energy transmitting device. At least one of the wireless energy 
receiving device and the wireless energy transmitting device 
comprises; a first oscillator configured to output an in-phase 
(I) signal, a second oscillator configured to output a quadra 
ture-phase (Q) signal having a 90-degree phase difference 
from the I signal, wherein each of the first and second oscil 
lators comprises a resonator having at least one inductor and 
at least one capacitor, and a current changing block connected 
to the at least one inductor and configured to change an 
amount of current flowing through the at least one inductor, 
and a monitor configured to monitor a frequency of at least 
one of the I and Q signals and control the current changing 
block according to a monitoring result. 

According to certain embodiments of the inventive con 
cept, there is provided a wireless energy receiving device 
comprising; a first oscillator configured to output an in-phase 
(I) signal, and a second oscillator configured to output a 
quadrature-phase (Q) signal having a 90-degree phase differ 
ence from the I signal. Each one of the first and second 
oscillators comprises; a first inductor pair having first mutual 
inductance and comprising a first inductor and a second 
inductor, a second inductor pair having second mutual induc 
tance and comprising a third inductor and a fourth inductor, 
and a capacitor connected between the first inductor and the 
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2 
third inductor, wherein each of the first and second oscillators 
controls a magnitude of received wireless energy by changing 
a resonance frequency by changing an amount of current 
flowing through the second and fourth inductors. 

According to certain embodiments of the inventive con 
cept, there is provided an electronic system comprising; a 
wireless energy receiving device configured to receive wire 
less energy from a wireless energy transmitting device 
through a magnetic field and generate reception power, and a 
power unit configured to receive the reception power from the 
wireless energy receiving device and Supply at least a portion 
of internal power necessary for operation of the electronic 
system. The wireless energy receiving device comprises; a 
first oscillator configured to output an in-phase (I) signal, and 
a second oscillator configured to output a quadrature-phase 
(Q) signal having a 90-degree phase difference from the I 
signal. Each of the first and second oscillators comprises; a 
resonator comprising at least one inductor and at least one 
capacitor, and a current changing block connected to the at 
least one inductor to change an amount of current flowing 
through the at least one inductor. 

According to certain embodiments of the inventive con 
cept, there is provided a method of receiving wireless energy 
using a wireless energy receiving device, the method com 
prising: generating an in-phase (I) signal and a quadrature 
phase (Q) signal having a 90-degree phase difference from 
the I signal using a quadrature oscillator comprising at least 
one pair of inductors having mutual inductance, and adjusting 
a resonance frequency by changing an amount of current 
flowing through one inductor in the at least one pair of induc 
tOrS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the inven 
tive concept will become more apparent by describing in 
detail exemplary embodiments thereof with reference to the 
attached drawings in which: 

FIG. 1 is a general block diagram of a wireless energy 
transmission system according to embodiments of the inven 
tive concept; 

FIG. 2 is a block diagram of a transmitting device and 
receiving device that may be included in the wireless energy 
transmission system of FIG. 1 according to certain embodi 
ments of the inventive concept; 

FIG. 3 is a block diagram of a transmitting device and 
receiving device that may be included in the wireless energy 
transmission system of FIG. 1 according to other embodi 
ments of the inventive concept; 

FIG. 4 is a graph showing frequency versus quality factor 
“Q for the wireless energy transmission system of FIG. 1; 

FIG. 5 is a graph further illustrating resonance frequency 
Versus the energy transfer rate in relation to selected quality 
factors; 

FIGS. 6 and 7A are circuit diagrams of a quadrature oscil 
lator that may be included in the transmitting device and/or a 
receiving device of FIG. 1 according to certain embodiments 
of the inventive concept; 

FIG. 7B is a block diagram of a quadrature oscillator that 
may be included in the transmitting device and/or a receiving 
device of FIGS. 6 and 7A according to other embodiments of 
the inventive concept; 

FIGS. 8, 9 and 10 are circuit diagrams illustrating the 
current changing block of FIGS. 6 and 7A according to cer 
tain embodiments of the inventive concept; 

FIG. 11 is an equivalent circuit diagram for the resonant 
circuit block of FIGS. 6 and 7A: 
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FIGS. 12 and 13 are three-dimensional coordinate system 
diagrams illustrating inductors for the quadrature oscillator of 
FIG. 7A: 

FIG. 14 is a diagram illustrating rectified waveforms that 
may be output by a quadrature oscillator according to certain 
embodiments of the inventive concept; 

FIGS. 15, 16 and 17 are flowcharts the summarize wireless 
energy transmissions methods according to certain embodi 
ments of the inventive concept; 

FIG. 18 is a diagram of a wireless energy transmission 
system according to certain embodiments of the inventive 
concept; 

FIGS. 19, 20 and 21 are diagrams illustrating certain 
receiving devices according to embodiments of the inventive 
concept; 

FIG.22 is a block diagram of an electronic system includ 
ing a wireless energy receiving device according to embodi 
ments of the inventive concept; 

FIG. 23 is a block diagram of an electronic system includ 
ing a wireless energy receiving device according to other 
embodiments of the inventive concept; 

FIG. 24 is a block diagram of an electronic system includ 
ing a wireless energy receiving device according to further 
embodiments of the inventive concept; and 

FIGS. 25A and 25B are conceptual diagrams illustrating an 
automotive application for a wireless energy receiving device 
according to certain embodiments of the inventive concept. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

The inventive concept now will be described in some addi 
tional detail with reference to the accompanying drawings. 
The invention may, however, be embodied in many different 
forms and should not be construed as being limited to only the 
illustrated embodiments. Rather, these embodiments are pro 
vided so that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to those 
skilled in the art. Throughout the written description and 
drawings, like reference numbers and labels denote like or 
similar elements. 

It will be understood that when an element is referred to as 
being “connected' or “coupled to another element, it can be 
directly connected or coupled to the other element or inter 
vening elements may be present. In contrast, when an element 
is referred to as being “directly connected' or “directly 
coupled to another element, there are no intervening ele 
ments present. As used herein, the term “and/or includes any 
and all combinations of one or more of the associated listed 
items and may be abbreviated as “7”. 

It will be understood that, although the terms first, second, 
etc. may be used herein to describe various elements, these 
elements should not be limited by these terms. These terms 
are only used to distinguish one element from another. For 
example, a first signal could be termed a second signal, and, 
similarly, a second signal could be termed a first signal with 
out departing from the teachings of the disclosure. 
The terminology used herein is for the purpose of describ 

ing particular embodiments only and is not intended to be 
limiting of the invention. As used herein, the singular forms 
“a”, “an and “the are intended to include the plural forms as 
well, unless the context clearly indicates otherwise. It will be 
further understood that the terms “comprises” and/or “com 
prising,” or “includes and/or “including when used in this 
specification, specify the presence of stated features, regions, 
integers, steps, operations, elements, and/or components, but 
do not preclude the presence or addition of one or more other 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
features, regions, integers, steps, operations, elements, com 
ponents, and/or groups thereof. 

Unless otherwise defined, all terms (including technical 
and Scientific terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which this invention belongs. It will be further understood 
that terms, such as those defined in commonly used dictio 
naries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and/or the present application, and will not be interpreted in 
an idealized or overly formal sense unless expressly so 
defined herein. 

FIG. 1 is a general block diagram of a wireless energy 
transmission system 100 according to certain embodiments 
of the inventive concept. The wireless energy transmission 
system 100 comprises a transmitting device 110 and a receiv 
ing device 120. The transmitting device 110 and the receiving 
device 120 are separated by a distance "D' (e.g., several 
centimeters). 
The transmitting device 110 may transfer energy to the 

receiving device 120 via a wireless connection, where the 
transmitting device 110 and receiving device 120 include a 
resonator (not shown). The resonator may be an inductance 
“L'/capacitance “C” (or LC) resonator, but the inventive con 
cept is not restricted thereto. 
The transmitting device 110 is connected to a power supply 

130 to receive a first power voltage VS1. Wireless energy is 
transmitted from the transmitting device 110 to the receiving 
device 120 via an induced magnetic field. That is, a transfer of 
magnetic energy may be carried out between an inductor 
included in the transmitting device 110 and an inductor 
included in the receiving device 120. 
The receiving device 120 is connected to a power con 

sumption device 140. The power consumption device 140 
consumes power derived from the energy transferred via the 
wireless connection. For instance, the receiving device 120 
may convert the received wireless energy into reception 
powerVR and provide the reception powerVR to the power 
consumption device 140. The power consumption device 140 
may use the reception powerVR supplied from the receiving 
device 120 and/or a separate supply power voltage VS2. 
The wireless energy transmission system 100 generally 

includes two devices, i.e., the transmitting device 110 and the 
receiving device 120, but embodiments of the inventive con 
cept are restricted thereto. The wireless energy transmission 
system 100 may include three or more devices. In addition, 
the receiving device 120 and the power consumption device 
140 are illustrated as separate elements in FIG. 1, but they 
may be implemented in a single element. 

FIG. 2 is a block diagram further illustrating the transmit 
ting device 110 and receiving device 120 of the wireless 
energy transmission system 100a illustrated in FIG.1. Refer 
ring to FIG. 2, the transmitting device 110 includes a fixed 
frequency oscillator 112. The receiving device 120 includes a 
variable frequency oscillator 121, a frequency adjustor 122, 
and a frequency monitor 124. 
The fixed frequency oscillator 112 outputs a signal having 

a fixed frequency. The fixed frequency oscillator 112 and the 
variable frequency oscillator 121 may include a quadrature 
oscillator (not shown). The fixed frequency oscillator 112 
may output an in-phase (I) signal having a positive signal and 
a negative signal and a quadrature-phase (Q) signal having a 
quadrature-phase signal of the positive signal and a quadra 
ture-phase signal of the negative signal. The variable fre 
quency oscillator 121 receives the I and Q signals from the 



US 9, 130,409 B2 
5 

fixed frequency oscillator 112 via a wireless connection. This 
will be described in some additional detail with reference to 
FIGS. 6 and 7A. 
The frequency monitor 124 monitors the frequency of the 

variable frequency oscillator 121 and outputs a control signal 
CON that controls the frequency adjustor 122. 
The frequency adjustor 122 adjusts the frequency of the 

receiving device 120 based on the control signal CON so that 
the frequency of the receiving device 120 is the same as that 
of the transmitting device 110. In other words, the frequency 
adjustor 122 changes the frequency of the variable frequency 
oscillator 121 in response to the control signal CON of the 
frequency monitor 124. 

In other embodiments of the inventive concept, different 
approaches Such as use of a power monitor (not shown) or a 
Hall sensor (not shown) may be used instead of the frequency 
monitor 124. The power monitor may monitor the strength of 
wireless energy that the receiving device 120 receives from 
the transmitting device 110 and output the control signal 
CON to increase the magnitude of the wireless energy. The 
strength of the wireless energy may be monitored by measur 
ing the strength of the I and Q signals. Alternately, a Hall 
sensor may detect the strength of a magnetic field and output 
the control signal CON to increase the strength of the mag 
netic field. This approach will be described in some additional 
detail with reference to FIGS. 6 through 9. 

FIG. 3 is a schematic block diagram of a transmitting 
device 110' and a receiving device 120' included in the wire 
less energy transmission system 100b illustrated in FIG. 1 
according to other embodiments of the inventive concept. 
Referring to FIG. 3, the transmitting device 110' includes a 
variable frequency oscillator 112', a frequency adjustor 114, 
and a frequency monitor 116. The receiving device 120' 
includes a fixed frequency oscillator 121". 
The variable frequency oscillator 112 generates a signal 

having a frequency that can be varied by the frequency adjus 
tor 114. The variable frequency oscillator 112' and the fixed 
frequency oscillator 121' may include a quadrature oscillator 
(not shown). The variable frequency oscillator 112 outputs an 
I signal, which includes a positive signal and a negative sig 
nal, and a Q signal, which includes a quadrature-phase output 
signal of the positive signal and a quadrature-phase output 
signal of the negative signal. The fixed frequency oscillator 
121' receives the I and Q signals from the variable frequency 
oscillator 112" via a wireless connection. This approach will 
be described in some additional detail with reference to FIGS. 
6 and 7A. 
The frequency monitor 116 monitors the frequency of the 

variable frequency oscillator 112' and outputs a control signal 
CON for controlling the frequency adjustor 114. 
The frequency adjustor 114 adjusts the frequency of the 

transmitting device 110' based on the control signal CON so 
that the frequency of the transmitting device 110' is the same 
as that of the receiving device 120". This will be described in 
detail with reference to FIGS. 6 through 9 later. 

FIG. 4 is a graph illustrating relationships between fre 
quency and quality factor "Q" in the wireless energy trans 
mission system 100 of FIG.1. In FIG.4, a curve Q indicates 
the quality factor of the transmitting device 110 and a curve 
Q2 indicates the quality factor of the receiving device 120. 
When the receiving device 120 has a frequency of W., energy 
transfer efficiency decreases according to the quality factor 
Q of the transmitting device 110. In particular, the higher 
quality factor the wireless energy transmission system 100 
requires, the greater the change in the energy transfer effi 
ciency depending on the change in frequency. 
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6 
The transmitting device 110 has a maximum quality factor 

at the frequency W, and therefore, the efficiency of energy 
transfer to the receiving device 120 is maximum at the fre 
quency W. 

Accordingly, the energy transfer efficiency can be 
increased by matching resonance frequency between the 
transmitting device 110 and the receiving device 120 by 
adjusting the frequency of the receiving device 120 from W. 
to W. 

FIG. 5 is a diagram illustrating resonance frequency versus 
an energy transfer rate of V/V, as a function of quality factor. 
Referring to FIG. 5, the quality factor decreases in order of a 
first plot 410, a second plot 420, and a third plot 430. 

Referring to the first graph 410 having the highest quality 
factor, the energy transfer rate V/V, rapidly drops when the 
resonance frequency even slightly changes. 

Accordingly, when the wireless energy transmission sys 
tem 100 of FIG. 1 requires a high quality factor, matching of 
the resonance frequency between the transmitting device 110 
and the receiving device 120 may be very important. 

FIGS. 6 and 7A are circuit diagrams illustrating a quadra 
ture oscillator 600 that may be included in the transmitting 
device 110 and/or the receiving device 120 of the wireless 
transmission system 100 of FIG. 1 according to certain 
embodiments of the inventive concept. In other words, the 
quadrature oscillator 600 illustrated in FIGS. 6 and 7A may 
be used in the embodiments including the variable frequency 
oscillator 121 and the frequency adjustor 122 illustrated in 
FIG.2 and may also be used in the embodiments including the 
variable frequency oscillator 112' and the frequency adjustor 
114 illustrated in FIG.3. Hereinafter, a case using the quadra 
ture oscillator 600 in the embodiments including the variable 
frequency oscillator 121 and the frequency adjustor 122 illus 
trated in FIG. 2 will be described. The quadrature oscillator 
600 illustrated in FIG. 6 is equivalent to that illustrated in FIG. 
7A. 

Referring to FIGS. 6 and 7A, the quadrature oscillator 600 
includes a first oscillator 605a and a second oscillator 605b. 
The first oscillator 605a may output an I signal and the 

second oscillator 605b may output a Q signal that has a 
90-degree phase difference from the I signal. 
The first oscillator 605a includes a resonance circuit block 

610a, a negative resistance block 615a, a coupling circuit 
block 620a, a bias block 630a, and a current changing block 
640a. The second oscillator 605b includes a resonance circuit 
block 610b, a negative resistance block 615b, a coupling 
circuit block 620b, a bias block 630b, and a current changing 
block 640b. 
The resonance circuit block 610a includes inductors L and 

L and capacitors C and C and determines the frequency of 
I signals I, and I, Mutual inductance occurs between the 
inductors L and L and a mutual inductance value is M. 
The resonance circuit block 610b includes inductors L and 

L and capacitors C and C and determines the frequency of 
Q signals Q, and Q, Mutual inductance occurs between the 
inductors L and L and a mutual inductance value is M. 

Each of the inductors L. L. L., and La may be imple 
mented as an on-chip inductor, but the inventive concept is not 
restricted thereto. The on-chip inductor may be implemented 
with conductor (e.g., metal) wiring on a semiconductor chip. 
The resonance circuit block 610a has positive resistance 

inherent in the inductors L and L and the capacitors C and 
C, a when it is not ideal, and therefore, the output of the 
resonance circuit block 610a may exhibit the response char 
acteristics of an RLC circuit. As a result, damping oscillation 
may occur. 
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The resonance circuit block 610b also has positive resis 
tance inherent in the inductors L and Land the capacitors C. 
and C, a when it is not ideal, and therefore, the output of the 
resonance circuit block 610b may exhibit the response char 
acteristics of an RLC circuit. As a result, damping oscillation 
may occur. 

Accordingly, the negative resistance blocks 615a and 615b 
are connected to the resonance circuit blocks 610a and 610b, 
respectively, to generate negative resistance counterbalanc 
ing the positive resistance of the resonance circuit blocks 
610a and 610b. 
The negative resistance block 615a includes cross-coupled 

N-type metal oxide semiconductor (NMOS) transistors T. 
and T. The NMOS transistors T and T are cross-coupled so 
that the negative I signal I, is output through a terminal of the 
NMOS transistor T and is input to a gate of the NMOS 
transistor T and the positive I signal I is output through a 
terminal of the NMOS transistorT and is input to a gate of the 
NMOS transistor T. 

The negative resistance block 615b includes cross-coupled 
NMOS transistors T and T. The NMOS transistors T and 
Ta are cross-coupled so that the negative Q signal Q is output 
through a terminal of the NMOS transistor T and is input to 
a gate of the NMOS transistorT, and the positive Q signal Q 
is output through a terminal of the NMOS transistor T and is 
input to a gate of the NMOS transistor T. 
The coupling circuit block 620a includes two NMOS tran 

sistors Ts and T. The coupling circuit block 620b includes 
two NMOS transistors T, and Ts. The coupling circuit blocks 
620a and 620b may couple the first and second oscillators 
605a and 605b, respectively. 
The positive Q signal Q is input to a gate of the NMOS 

transistorTs and the negative Q signal Q, is input to a gate of 
the NMOS transistor T. 

The negative I signal I, is input to a gate of the NMOS 
transistorT, and the positive I signal I, is input to a gate of the 
NMOS transistor Ts. 

The bias blocks 630a and 630b are connected to the nega 
tive resistance blocks 615a and 615b, respectively, and 
include NMOS transistors T and To respectively. 

The NMOS transistors T and To adjust bias currents I 
and I, respectively, based on bias Voltages V, and V. 
respectively, input to their gates. 
The current changing block 640a may change current flow 

ing in the resonance circuit block 610a based on an input 
control signal CON 1 received from the frequency monitor 
124. The current changing block 640b may change current 
flowing in the resonance circuit block 610b based on an input 
control signal CON 2 received from the frequency monitor 
124. 

For instance, currents I and I may be changed based on 
the input control signals CON 1 and CON 2, respectively. 
Currents flowing in the resonance circuit blocks 610a and 
610b, and more particularly, currents flowing in the inductors 
Land La may be changed by the coupling circuit blocks 620a 
and 620b. The input control signals CON 1 and CON 2 may 
be digital signals of at least two bits. The input control signals 
CON 1 and CON 2 may be the same as or different from 
each other. The input control signals CON 1 and CON 2 
may be symmetrical (e.g., complementary) to each other. 
The current changing blocks 64.0a and 640b will be 

described in some additional detail with reference to FIGS. 8, 
9 and 10. 

Consequently, the frequency of a signal generated by the 
first and second oscillators 605a and 605b is changed without 
directly changing the inductance of the inductors L through 
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8 
L and the capacitance of the capacitors C through C. This 
will be described in detail with reference to FIG. 11 later. 

FIG. 7B is a block diagram of the receiving device 120 of 
FIG. 1 according to certain embodiments of the inventive 
concept. Referring to FIGS. 6 through 7B, the receiving 
device 120 further includes a bias voltage generator 650 and 
a rectifier 660 in the quadrature oscillator 600 illustrated in 
FIGS. 6 and 7A. It will be apparent to those skilled in the art 
that the receiving device 120 may include the frequency 
monitor 124 of FIG. 2 or the frequency monitor 116 of FIG. 
3. 
The bias voltage generator 650 generates the bias voltages 

V, and V input to the gates of the respective NMOS tran 
sistors T., and To. The rectifier 660 converts the I signals I 
and I, output from the resonance circuit block 610a and the Q 
signals Q, and Q, output from the resonance circuit block 
610b into the reception powerVR. For instance, the rectifier 
660 may rectify alternating current (AC) power based on the 
I signals I, and I, and the Q signals Q, and Q, thus generating 
direct current (DC) power, i.e., the reception powerVR. 

FIG. 7B is a block diagram of a receiving device consistent 
with embodiments of the inventive concept, but a transmitting 
device may be similarly configured. 

FIGS. 8, 9 and 10 are circuit diagrams of the current chang 
ing blocks 64.0a and 640b of FIGS. 6 and 7 according to 
certain embodiments of the inventive concept. Only the cur 
rent changing block 640a will be described in detail to avoid 
redundancy since the structure and operation of the current 
changing block 640a may be the same as those of the current 
changing block 640b. 

In the example illustrated in FIG. 8, the current changing 
block 64.0a includes at least two NMOS transistors but may 
variously configured (e.g., with four NMOS transistors T. 
T., Tc, and T). 

Referring to FIG. 8, the input control signal CON 1 is 
applied to gates of the respective NMOS transistors T. T., 
T, and T. The NMOS transistors T. T., T., and T are 
selectively Switched in response to the input control signal 
CON 1. The input control signal CON 1 may be a 4-bit 
digital signal. When the 4-bit digital signal is “1100', the two 
NMOS transistors T and T, among the four NMOS transis 
tors T. T. T., and T, are switched ON and the other two 
NMOS transistors T, and T, are switched OFF. 
The four NMOS transistors T. T., T., and T, may have 

different width-to-length ratios, so that current flowing in 
each of the NMOS transistors T. T., T., and T, can be 
changed. As a result, the current I can be changed. 
A node NO in FIG. 8 corresponds to a node N. 1 or N 2 in 

FIGS. 6 and 7A. 
The current changing block 640a may be formed as a 

circuit including a current mirror and is configured to include 
four NMOS transistors TR, TRTR, and TR and a current 
source I in the embodiments illustrated in FIG. 9. 

Referring to FIG. 9, the input control signal CON 1 is 
applied to switches SW1 and SW2, which control an open and 
close (e.g., 0 and 1) Switching operation in the current mirror. 
The opening/closing of the switches SW1 and SW2 is 

controlled using the input control signal CON 1, so that the 
current I is changed. The input control signal CON 1 may 
be a 2-bit digital signal. When the input control signal CON 1 
is “10, the Switch SW1 is closed while the switch SW2 is 
opened. 

In a case where the first and second switches SW1 and SW2 
are opened, current I flowing in the NMOS transistor TR 
flows in the NMOS transistor TR and no current flows in the 
NMOS transistors TR and TR. Accordingly, the current I 
is the same as the current I. 
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In a case where only the first switch SW1 is closed, the 
current I flows in the NMOS transistor TR as well as the 
NMOS transistor TR. As a result, the current I becomes 
2I4. 

In a case where both of the first and second switches SW1 
and SW2 are closed, the current I flows in the NMOS tran 
sistors TR and TR as well as the NMOS transistor TR. As 
a result, the current I becomes 3 I. 

It is apparent that the amount of the current I will also be 
differently adjusted when the size of the NMOS transistors 
TR, TRTRs, and TR is changed. 
A node N1 in FIG. 9 corresponds to the node N. 1 or N 2 

in FIGS. 6 and 7A. 
The current changing block 64.0a may be formed as a 

circuit including a current mirror and is configured to include 
two NMOS transistors TRs and TR and three current sources 
I, I, and I, in the embodiments illustrated in FIG. 10. 

Referring to FIG. 10, the input control signal CON 1 is 
applied to switches SW3, SW4, and SW5, which control an 
open and close (e.g., 0 and 1) Switching operation in the 
current sources I, I, and I, 

The opening/closing of the switches SW3, SW4, and SW5 
is controlled using the input control signal CON 1, so that the 
current I is changed. The input control signal CON 1 may 
be a 3-bit digital signal. When the input control signal CON 1 
is “110, the switches SW3 and SW4 are closed while the 
switch SW5 is opened. 

In a case where the third switch SW3 is closed and the 
fourth and fifth switches SW4 and SW5 are opened, current I 
flowing in the NMOS transistor TRs flows in the NMOS 
transistor TR. Accordingly, the current I is the same as the 
current I. 

In a case where the third and fourth Switches SW3 and SW4 
are closed and the fifth switch SW5 is opened, current I+I, 
flows in the NMOS transistor TR. Accordingly, the current 
I becomes I+I. 

In a case where all of the third through fifth switches SW3. 
SW4, and SW5 are closed, current I+I, +I, flows in the 
NMOS transistor TR. Accordingly, the current I becomes 
I, +I+I. 

It is apparent that the amount of the current I will also be 
differently adjusted when the size of the NMOS transistors 
TRs and TR is changed. 
A node N2 in FIG. 10 corresponds to the node N. 1 or N 2 

in FIGS. 6 and 7A. 
FIG. 11 is an equivalent circuit diagram for the resonant 

circuit block 610a or 610b of FIGS. 6 and 7. One approach to 
the adjustment of the resonance frequency in the resonant 
circuit blocks 610a and 610b will be described with reference 
to FIG 11. 
When the frequency of the equivalent circuit illustrated in 

FIG. 11 is denoted by “w”, the following relationship exists: 

(1) 

In the quadrature oscillator 600 illustrated in FIGS. 6 and 
7A, current it flowing in the inductor L and current it 
flowing in the inductor L have a 0- or 180-degree phase 
difference from each other. Accordingly, i, Oi, where C. is 
a real number. Equation 1 may be rewritten as Equation 2: 

Consequently, the value of C. can be changed by changing 
the current it flowing in the inductor L. So that an induc 
tance value viewed from a capacitor C can be changed. 

Generally, a resonance frequency wo with respect to a 
capacitor C and an inductor L is defined as 
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LC 

and therefore, the resonance frequency of the resonant circuit 
blocks 610a and 610b can be changed. 

Referring to FIG. 11, when the current it flowing in the 
inductor L is changed by the current changing blocks 640a 
and 640b, an inductance value viewed from the capacitor C. 
is changed from L to L+OM. Accordingly, the resonance 
frequency of the resonant circuit blocks 610a and 610b can be 
changed. 

FIGS. 12 and 13 are three-dimensional coordinate system 
diagrams illustrating inductors of the quadrature oscillator 
600 of FIG. 7A according to certain embodiments of the 
inventive concept. FIG. 12 shows the inductors L and L of 
the first oscillator 605a in the quadrature oscillator 600. FIG. 
13 shows the inductors L and Lofthe secondoscillator 605b 
in the quadrature oscillator 600. 

FIGS. 12 and 13 show that the inductors L and L are 
disposed perpendicular to the inductors L and L, but the 
inventive concept is not restricted to the current embodi 
ments. For instance, the inductors L and L. may be disposed 
in parallel to the inductors L and L or may be disposed at a 
certain angle (e.g., 0 through 180 degrees) to the inductors L 
and L4. 
When the transmitting device 110 includes the quadrature 

oscillator 600 illustrated in FIGS. 12 and 13, even if an 
inductor (not shown) included in the receiving device 120 is 
perpendicular to the inductors L and L of the first oscillator 
605a, a Q signal orthogonal to an I signal output from the first 
oscillator 605a can be output using the inductors L and L of 
the second oscillator 605b, so that energy can be transferred to 
the receiving device 120. 

In other words, when the inductors L and L of the first 
oscillator 605a are disposed in a perpendicular relationship 
with the inductors L and La of the second oscillator 605b in 
the transmitting device 110, the receiving device 120 can be 
stably receive wireless energy without being much bound by 
the positions of the inductors L. L. L. and La included in 
the receiving device 120. 
The transmitting device 110 may be installed in a particular 

region (hereinafter, referred to as a “charge Zone') so that the 
receiving device 120 can receive wireless energy. The charge 
Zone may be the inside or outside of a building or an automo 
bile. The transmitting device 110 may be installed in the 
charge Zone such that the inductors L and L of the first 
oscillator 605a are at rightangles to the inductors L and L of 
the second oscillator 605b. 

FIG. 14 is a diagram of rectified waveforms output from a 
quadrature oscillator according to certain embodiments of the 
inventive concept. The quadrature oscillator 600 illustrated in 
FIG.7A outputs rectified outputs V, and Vo having the wave 
forms illustrated in FIG. 14 over time. 
When only one of the waveforms of the rectified outputs V, 

and Vo is used to transfer energy to the receiving device 120, 
a problem may occur due to discontinuity at Zero Voltage 
points t1, tr. to, tp. and te. 

However, when both of the transmitting device 110 and the 
receiving device 120 include the quadrature oscillator 600 
according to embodiments of the inventive concept, one of the 
rectified outputs V, and Vo is at a peak at the Zero Voltage 
points t and tort, t, and t of the other one of the rectified 
outputs V, and Vo. As a result, energy transfer can be per 
formed more efficiently. 
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FIGS. 15, 16 and 17 are flowcharts summarizing wireless 
energy transmission methods according to embodiments of 
the inventive concept. The wireless energy transmission 
method may be performed by the wireless energy transmis 
sion system 100 of FIG. 1. 

FIG. 15 is a general flowchart for the wireless energy 
transmission method performed by the wireless energy trans 
mission system 100. FIG. 16 is a flowchart more particularly 
describing the frequency adjustment performed by the trans 
mitting device 110 or the receiving device 120 of the wireless 
energy transmission system 100, and FIG. 17 is a flowchart 
even more particularly describing the frequency adjustment. 

Referring to FIG. 15, power is supplied by a power supply 
to a wireless energy transmitting device (S110). 

Based on the supplied power, power is transferred from the 
wireless energy transmitting device to a wireless energy 
receiving device through a magnetic field between the wire 
less energy transmitting device and the wireless energy 
receiving device (S120). In order efficiently transfer power to 
the wireless energy receiving device, frequency matching is 
performed between the wireless energy transmitting device 
and the wireless energy receiving device. 

For the frequency matching, a frequency of the wireless 
energy receiving device may be adjusted. At least two signals 
having a 90-degree phase difference may be transmitted to the 
wireless energy receiving device. The amount of current 
flowing in an inductor within the wireless energy receiving 
device may be changed so that the frequency matching 
between the wireless energy transmitting device and the wire 
less energy receiving device can be accomplished. As 
described above, in other embodiments, a frequency of the 
wireless energy transmitting device may be adjusted. 

The power transferred to the wireless energy receiving 
device is Supplied to a power consumption electronic device 
connected to the wireless energy receiving device (S130). 

Referring to FIG. 16, a signal generator generates at least 
two signals (e.g., an I signal and a Q signal) having a 90-de 
gree phase difference (S210). 
A frequency monitor monitors a frequency of the at least 

two signals (S220). A frequency adjustor adjusts the fre 
quency of the wireless energy receiving device based on a 
monitoring result (S230) so that the frequency matching 
between the wireless energy transmitting device and the wire 
less energy receiving device is accomplished. That is, the 
frequency may be adjusted by changing the amount of current 
flowing in an inductor within the wireless energy receiving 
device. 

Referring to FIG. 17, for the frequency matching between 
the wireless energy transmitting device and the wireless 
energy receiving device, the amount of current flowing in an 
inductor within the wireless energy receiving device is 
changed (S310). 

Accordingly, a resonance frequency is matched between 
the wireless energy transmitting device and the wireless 
energy receiving device (S320). Once the frequency match 
ing is accomplished, energy can be efficiently transferred to 
the wireless energy receiving device. 
As described above, in the wireless energy transmission 

method according to the embodiments illustrated in FIGS. 15, 
16 and 17, the resonance frequency is tuned without directly 
adjusting an inductance value or a capacitance value, thereby 
realizing efficient wireless energy transmission. 

FIG. 18 is a diagram of a wireless energy transmission 
system 1700 according to certain embodiments of the inven 
tive concept. Referring to FIG. 18, the wireless energy trans 
mission system 1700 includes a transmitting device 1750 and 
a receiving device 1755. The transmitting device 1750 may be 
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12 
implemented in a form of a pad for transmitting energy and 
the receiving device 1755 may be a mobile device, e.g., a 
portable phone. 

Although not shown, the transmitting device 1750 may be 
installed at a particular place or position, e.g., a wall, a table, 
or a bag, in a predetermined distance from the receiving 
device 1755 in order to transmit wireless energy to the receiv 
ing device 1755. The receiving device 1755 can receive 
energy from the transmitting device 1750 even if it is not in 
contact with or in a short distance from the receiving device 
1755. 
The transmitting device 1750 includes a first oscillator 

1751 and a second oscillator 1752, which forms a quadrature 
oscillator, and is supplied with power from the outside 
through a connector 1760. 
The receiving device 1755 includes a portable phone body 

1730 and a portable phone case 1740. The portable phone 
body 1730 includes a battery 1710 and a charger 1720. The 
portable phone case 1740 includes a first oscillator 1741 and 
a second oscillator 1742, which forms a quadrature oscillator. 
When power is supplied to the transmitting device 1750, 

energy is transmitted by the first and second oscillators 1751 
and 1752 of the transmitting device 1750 to the first and 
second oscillators 1741 and 1742 of the receiving device 
1755. 
When the energy is transmitted to the receiving device 

1755, the receiving device 1755 may charge the battery 1710 
with the energy through the charger 1720. 

Although the first and second oscillators 1741 and 1742 of 
the receiving device 1755 are positioned within the portable 
phone case 1740 in the embodiments illustrated in FIG. 18. 
the scope of the inventive concept is not restricted to these 
embodiments. For instance, the first and second oscillators 
1741 and 1742 may be positioned within the portable phone 
body 1730. 

FIGS. 19, 20 and 21 are diagrams of the receiving device 
120 according to different embodiments of the inventive con 
cept. Unlike the embodiments illustrated in FIG. 18, the trans 
mitting device 110 is omitted in the embodiments illustrated 
in FIGS. 19 through 21. 

Referring to FIG. 19, the receiving device 120 may be 
implemented in a form of three-dimensional (3D) glasses 
1900. The 3D glasses 1900 may include a first oscillator 1910 
and a second oscillator 1920, which form a quadrature oscil 
lator, in frames of two lenses, respectively. 

Accordingly, when power is Supplied to the transmitting 
device 110, energy can be supplied via a wireless connection 
to the 3D glasses 1900 positioned within a predetermined 
distance from the transmitting device 110. 

Referring to FIG. 20, the receiving device 120 may be 
implemented in a form of a headset 2000, e.g., a Bluetooth 
headset. A first oscillator 2010 and a second oscillator 2020, 
which form a quadrature oscillator, may be included in the 
headset 2000 as illustrated in FIG. 20. 

Accordingly, when power is Supplied to the transmitting 
device 110, energy can be supplied via a wireless connection 
to the headset 2000 positioned within a predetermined dis 
tance from the transmitting device 110. 

Referring to FIG. 21, the receiving device 120 may be 
implemented in a form of a Surround Sound speaker system 
2100. A first oscillator 2110 and a second oscillator 2120, 
which form a quadrature oscillator, may be included in the 
surround sound speaker 2100 as illustrated in FIG. 21. 

Accordingly, when power is Supplied to the transmitting 
device 110, energy can be supplied via a wireless connection 
to the surround sound speaker system 2100 positioned within 
a predetermined distance from the transmitting device 110. 
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The receiving device 120 is implemented in both speakers of 
the surround sound speaker system 2100. Alternatively, the 
transmitting device 110 and the receiving device 120 may be 
implemented in the two speakers, respectively, of the Sur 
round sound speaker system 2100. As another alternative, the 
transmitting device 110 may be implemented in the surround 
Sound speaker system 2100 and may transmit wireless energy 
to the receiving device 120 positioned nearby. 

FIG.22 is a diagram of an electronic system 700 including 
the wireless energy receiving device 120 according to certain 
embodiments of the inventive concept. Referring to FIG. 22. 
the electronic system 700 includes the wireless energy receiv 
ing device 120, a system on chip (SoC) 710, an antenna 701, 
a radio frequency (RF) transceiver 703, an input device 705, 
a display 707, and a power unit 709. 
The wireless energy receiving device 120, which is a wire 

less energy receiving device according to certain embodi 
ments of the inventive concept, receives wireless energy from 
a wireless energy transmitting device, and it generates and 
supplies reception power VR to the power unit 709. The 
power unit 709 supplies internal power for the operations of 
the internal elements 703,705, 707, and 710 of the electronic 
system 700. 
The RF transceiver 703 transmits and receives RF signals 

through the antenna 701. The RF transceiver 703 may convert 
an RF signal received through the antenna 701 into a signal 
that can be processed by the SoC 710. 

The SoC 710 processes the signal output from the RF 
transceiver 703 and transmits a processed signal to the display 
707. The RF transceiver 703 may also convert a signal output 
from the SoC 710 into an RF signal and outputs the RF signal 
through the antenna 701. The SoC 710 may include a central 
processing unit (CPU) (not shown), which controls the over 
all operation of the electronic system 700. 
The input device 705 enables control signals for control 

ling the operation of the SoC 710 or data to be processed by 
the SoC 710 to be input to the electronic system 700. The 
input device 705 may be implemented by a pointing device 
Such as a touch pad or a computer mouse, a keypad, or a 
keyboard. 

FIG. 23 is a diagram of an electronic system 800 including 
the wireless energy receiving device 120 according to other 
embodiments of the inventive concept. Referring to FIG. 23. 
the electronic system 800 may be implemented as a personal 
computer (PC), a network server, a tablet PC, a netbook, an 
e-reader, a personal digital assistant (PDA), a portable mul 
timedia player (PMP), an MP3 player, oran MP4 player. 

The electronic system 800 includes the wireless energy 
receiving device 120, a power unit 805, a SoC810, a memory 
device 801, a memory controller 802 controlling the data 
processing operations of the memory device 801, a display 
803, and an input device 804. 
The wireless energy receiving device 120, which is a wire 

less energy receiving device according to certain embodi 
ments of the inventive concept, receives wireless energy from 
a wireless energy transmitting device, and it generates and 
supplies reception power VR to the power unit 805. The 
power unit 805 supplies internal power for the operations of 
the internal elements 801, 802, 803, 804, and 810 of the 
electronic system 800. 
The SoC 810 may display data stored in the memory device 

801 through the display 803 according to data input through 
the input device 804. The input device 804 may be imple 
mented by a pointing device Such as a touchpad or a computer 
mouse, a keypad, or a keyboard. The SoC 810 may control the 
overall operation of the electronic system 800 and the opera 
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tions of the memory controller 802. For this control, the SoC 
810 may include a CPU (not shown). 
The memory controller 802, which controls the operations 

of the memory device 801, may be implemented as a part of 
the SoC 810 or as a chip separated from the SoC 810. 

FIG. 24 is a diagram of an electronic system 900 including 
the wireless energy receiving device 120 according to further 
embodiments of the inventive concept. Referring to FIG. 24. 
the electronic system 900 may be implemented as an image 
processing device like a digital camera or a mobile phone 
equipped with a digital camera, a PDA, a PMP, or a smart 
phone. 
The electronic system 900 includes the wireless energy 

receiving device 120, a power unit 905, a SoC910, a memory 
device 901, and a memory controller902 controlling the data 
processing operations of the memory device 901. The elec 
tronic system 900 may also include an image sensor 903 and 
a display 904. 
The wireless energy receiving device 120, which is a wire 

less energy receiving device according to certain embodi 
ments of the inventive concept, receives wireless energy from 
a wireless energy transmitting device, and it generates and 
supplies reception power VR to the power unit 905. The 
power unit 905 supplies internal power for the operations of 
the internal elements 901, 902, 903, 904, and 910 of the 
electronic system 900. 
The image sensor 903 converts optical images into digital 

signals and outputs the digital signals to the SoC 910 or the 
memory controller 902. According to the control of the SoC 
910, the digital signals may be displayed through the display 
904 or stored in the memory device 901 through the memory 
controller 902. 

Data stored in the memory device 901 may be displayed 
through the display 904 according to the control of the SoC 
910 or the memory controller 902. The memory controller 
902, which controls the operations of the memory device 901, 
may be implemented as a part of the SoC 910 or as a chip 
separated from the SoC910. The SoC910 may include a CPU 
(not shown) controlling the overall operation of the electronic 
system 900. 

FIGS. 25A and 25B are diagrams of an automobile 1100 
including the wireless energy receiving device 120 according 
to certain embodiments of the inventive concept. Referring to 
FIGS. 25A and 25B, the automobile 1100 includes a wireless 
charge unit 1110. The wireless charge unit 1110 may include 
the wireless energy receiving device 120 and a rechargeable 
battery 1112. 
The wireless energy receiving device 120, which is a wire 

less energy receiving device according to certain embodi 
ments of the inventive concept, receives wireless energy from 
a wireless energy transmitting device, and it generates and 
supplies reception power VR to the rechargeable battery 
1112. 

For instance, while the automobile 1100 is parked in a 
parking lot, the rechargeable battery 112 may be charged 
using a wireless energy transmission method according to 
certain embodiments of the inventive concept. 
As described above, in a wireless energy receiving device, 

a wireless energy transmitting device, a wireless energy trans 
mission system including both devices, and a wireless energy 
transmission method according to some embodiment of the 
inventive concept, a resonance frequency is tuned without 
directly adjusting an inductance value or a capacitance value, 
thereby realizing efficient wireless energy transmission. 

While the inventive concept has been particularly shown 
and described with reference to embodiments thereof, it will 
be understood by those of ordinary skill in the art that various 
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changes in forms and details may be made therein without 
departing from the scope of the inventive concept as defined 
by the following claims. 

What is claimed is: 
1. In a wireless energy transmission system including a 

wireless energy receiving device and a wireless energy trans 
mitting device, at least one of the wireless energy receiving 
device and the wireless energy transmitting device compris 
ing: 

a first oscillator configured to output an in-phase (I) signal; 
a second oscillator configured to output a quadrature-phase 

(Q) signal having a 90-degree phase difference from the 
I signal, wherein each of the first and second oscillators 
comprises a resonator having at least one inductor and at 
least one capacitor, and a current changing block con 
nected to the at least one inductor and configured to 
change an amount of current flowing through the at least 
one inductor, and 

a monitor configured to monitor a frequency of at least one 
of the I and Q signals and control the current changing 
block according to a monitoring result. 

2. The wireless energy transmission system of claim 1, 
further comprising: 

a sensor configured to sense a magnetic field between the 
wireless energy receiving device and the wireless energy 
transmitting device and further control the current 
changing block according to a sensing result. 

3. The wireless energy transmission system of claim 1, 
wherein the resonator comprises: 

a first inductor pair having first mutual inductance and 
including a first inductor and a second inductor; 

a second inductor pair having second mutual inductance 
and including a third inductor and a fourth inductor; 

a capacitor connected between the first inductor and the 
third inductor; and 

a bias block configured to bias current flowing through the 
first and third inductors, 

wherein the current changing block changes current flow 
ing through the second and fourth inductors. 

4. The wireless energy transmission system of claim 3, 
wherein the least one inductor of the first oscillator is config 
ured perpendicular to the at least one inductor of the second 
oscillator. 

5. A wireless energy receiving device comprising: 
a first oscillator configured to output an in-phase (I) signal; 

and 
a second oscillator configured to output a quadrature-phase 

(Q) signal having a 90-degree phase difference from the 
I signal, 

wherein each of the first and second oscillators comprises: 
a first inductor pair having first mutual inductance and 

comprising a first inductor and a second inductor; 
a second inductor pair having second mutual inductance 

and comprising a third inductor and a fourth inductor; 
and 

a capacitor connected between the first inductor and the 
third inductor, 

wherein each of the first and second oscillators controls a 
magnitude of received wireless energy by changing a 
resonance frequency by changing an amount of current 
flowing through the second and fourth inductors. 

6. The wireless energy receiving device of claim 5, wherein 
each of the first and second oscillators further comprises: 

a current changing block configured to change the amount 
of current flowing through the second and fourth induc 
tOrS. 
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7. The wireless energy receiving device of claim 5, wherein 

the first and third inductors have the same inductance, and the 
second and fourth inductors have the same inductance. 

8. The wireless energy receiving device of claim 5, wherein 
5 each of the first and second oscillators further comprises: 

a bias block configured to bias current flowing through the 
first and third inductors; 

cross-coupled transistors respectively connected between 
the first inductor and the bias block, and between the 

10 third inductor and the bias block; 
a transistor connected between the second inductor and the 

current changing block; and 
a transistor connected between the fourth inductor and the 

15 current changing block. 
9. The wireless energy receiving device of claim8, wherein 

the Q signal output by the second oscillator is applied to gates 
of the transistors in the first oscillator, and the I signal output 
by the first oscillator is applied to gates of the transistors in the 

20 second oscillator. 
10. The wireless energy receiving device of claim 5, 

wherein at least one of the inductors in the first oscillator is 
configured perpendicular to at least one of the inductors in the 
second oscillator. 

11. An electronic system comprising: 
a wireless energy receiving device configured to receive 

wireless energy from a wireless energy transmitting 
device through a magnetic field and generate reception 
power, and 

a power unit configured to receive the reception power 
from the wireless energy receiving device and Supply at 
least a portion of internal power necessary for operation 
of the electronic system, 

wherein the wireless energy receiving device comprises: 
a first oscillator configured to output an in-phase (I) signal; 

and 
a second oscillator configured to output a quadrature-phase 

(Q) signal having a 90-degree phase difference from the 
I signal, and 

each of the first and second oscillators comprises: 
a resonator comprising at least one inductor and at least one 

capacitor, and 
a current changing block connected to the at least one 

inductor to change an amount of current flowing through 
the at least one inductor. 

12. The electronic system of claim 11, wherein each of the 
first and second oscillators further comprises: 

a negative resistance block connected to the resonator to 
counterbalance positive resistance of the resonator, and 

a coupling circuit block connected to the at least one induc 
tor to couple the first and second oscillators. 

13. The electronic system of claim 12, wherein the current 
changing block comprises at least two N-type metal oxide 
semiconductor (NMOS) transistors connected in parallel, a 
terminal of the at least two NMOS transistors being con 
nected to the coupling circuit block, and the at least two 
NMOS transistors being selectively switched in response to 
an input control signal applied to gates of the respective at 
least two NMOS transistors to change the amount of current 
flowing through the at least one inductor. 

14. The electronic system of claim 11, wherein the current 
changing block comprises: 

a current Source configured to Supply a predetermined cur 
rent; 

a first N-type metal oxide semiconductor (NMOS) transis 
tor having a terminal connected to the current source; 
and 
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at least two NMOS transistors connected to a gate of the Smart phone, a mobile phone, a personal digital assistant 
first NMOS transistor as a current mirror, wherein the at (PDA), a portable multimedia player (PMP), and a tablet 
least two NMOS transistors are selectively switched in personal computer. 
response to an input control signal to change the amount 18. A method of receiving wireless energy using a wireless 
of current flowing through the at least one inductor. 

15. The electronic system of claim 11, wherein the current 
changing block comprises: 

at least two current Sources connected in parallel to Supply 
a predetermined current; 

5 energy receiving device, the method comprising: 
generating an in-phase (I) signal and a quadrature-phase 

(Q) signal having a 90-degree phase difference from the 
I signal using a quadrature oscillator comprising at least 

a first N-type metal oxide semiconductor (NMOS) transis- one pair of inductors having mutual inductance; and 
tor having a terminal connected to the at least two cur- adjusting a resonance frequency by changing an amount of 
rent sources; and current flowing through one inductor in the at least one 

a second NMOS transistor connected to a gate of the first pair of inductors. 
NMOS transistoras a current mirror, wherein the at least 19. The wireless energy receiving method of claim 18, 
two current sources are selectively switched in response is further comprising: 
to an input control signal to change the amount of current biasing current flowing in an inductor of the at least one 
flowing through the at least one inductor. 

16. The electronic system of claim 11, wherein the wireless 
energy receiving device further comprises: 

a monitor configured to monitor a frequency of at least one 
of the I and Q signals and generate a control signal; and 

a frequency adjustor configured to change the frequency of 
the I and Q signals by changing the amount of current 
flowing through the at least one inductor in response to 
the control signal. 

17. The electronic system of claim 11, wherein the elec 
tronic system is one selected from the group consisting of a k . . . . 

pair of inductors using a predetermined bias current. 
20. The wireless energy receiving method of claim 18, 

further comprising: 
20 monitoring a frequency of at least one of the in-phase (I) 

signal and the quadrature-phase (Q) signal and provid 
ing a monitoring result, wherein the adjusting of the 
resonance frequency by changing the amount of current 
flowing through the inductor is made in response to the 

25 monitoring result. 


